Pakistan harbors 18 major ethnic groups and Hazara is one of the distinct but smaller groups comprising 0.090% of the total population. Hazara individuals have typical Mongolian facial features and they claim to be descendants of Genghis Khan's army in the first quarter of the thirteenth century AD. In this study, we genotyped 153 unrelated males living in Quetta, Baluchistan, Pakistan, for a total of 26 (n = 153) to 30 (n = 47) Y-chromosomal STR loci. One hundred forty unique haplotypes were developed for Hazara population using the PowerPlex Y23 loci. The Y-STR locus showed a genetic diversity ranging from 0.2384 to 0.7918, and an overall discrimination capacity (DC) of 91.5%. The Hazara population samples were profiled for three additional Y-STRs (DYS388, DYS449 and DYS460), which increased the number of unique haplotypes to 144 while the DC increased to 94.11% in Hazara Population of Pakistan. Interestingly, null alleles were observed at DYS448 in 25 individuals of Hazara population. The Hazaras showed significant differences from other local populations of Pakistan as well as neighboring populations, but had considerable genetic affinities to Kazakhs and Mongols.
Pakistan harbors more than 18 major ethnic groups, over 210 million people (http://www.pbscensus.gov.pk). The genetic legacy of many of the ethnic groups in Pakistan has not been studied in depth and data for these ethnic groups is scarce. The origin of Hazara population is disputed. The Hazara could be of Turko-Mongol ancestry, and theorized to be the descendants of an occupying army left in Afghanistan by Genghis Khan [1] . The Hazara population speaks Persian with some Mongolian words. The human Y chromosome markers are remarkably variable, and significantly used for population lineage and human migration studies; this primarily has been due to their ability to differentiate different paternal lineages [2] [3] [4] .
Molecular population genetics studies have shown that many structural variants exist within human Y chromosome, includes deletions [5] , duplications [6] , and inversions [7] . Null alleles are known to occur with any PCR-based STR typing system. Y-STRs plays vital role in forensic genetics, particularly for sexual offenses analysis; paternity testing and investigations related missing persons [8, 9] . Specifically, Y-STR analysis can detect low quantity of male DNA within high background female DNA as typically challenged within cases of sexual assault [10] . One hundred fifty-three unrelated Hazara males residing in Quetta, Baluchistan, Pakistan, volunteered to provide blood samples. Informed consent was obtained from all participants before obtaining the sample. The ethical review committee of China Medical University, Shenyang, Liaoning Province, P.R. China, approved the project and obtaining of samples. Genomic DNAs were extracted from blood using ReliaPrep™ Blood gDNA Miniprep System (Promega, Madison, USA) according to the manufacturer's Electronic supplementary material The online version of this article (https://doi.org/10.1007/s00414-018-1962-x) contains supplementary material, which is available to authorized users.
instructions. Twenty-six Y-STR loci (which contain PowerPlex Y23 loci and three additional Y-STRs DYS388, DYS449 and DYS460) were amplified using the Goldeneye® 26Y system (PEOPLESPOT R&D, China) according to the manufacturer's instructions. PCR products were detected and separated by capillary electrophoresis with ABI 3500 Genetic Analyzer (Applied Biosystems, USA) according to manufacturer's instructions. The raw data were analyzed using Gene Mapper v.3.2. (Applied Biosystems, USA). Twenty-five Hazara samples showed DYS448 null alleles (detected as allelic dropouts) in three Y-STR kits (GoldenEye Y26, Microreader™ Y29 and Yfiler™ Plus). The region was amplified using a nested PCR to reduce unspecific PCR products (Primers and reaction condition were shown in Supplementary Table 1 ). Allelic frequencies were calculated through simple count method. Nei's formula was used to calculate gene diversity (GD) which is equivalent to haplotype diversity (HD) for Y-STRs [11] . Y-STR data generated using Goldeneye® 26Y kit and the Yfiler™ Plus kit allowed the development of haplotype diversities (HD) were calculated for the 26/30 Y-STR loci included in these kits and also the haplotype diversities for the minimal (9 loci); extended (11 loci); Powerplex Y (12 loci); Yfiler™ (17 loci); and Powerplex Y 23 (23 loci). An extended haplotype comprising of Yfiler™ Plus with three additional loci (30 loci) was also developed and haplotype diversity calculated. Discrimination capacity (DC) was calculated as the ratio of unique haplotypes in the sample. Match probabilities (MP) were calculated as Σ Pi 2 , where Pi is the frequency of the i-th haplotype. Genetic distances between Hazara population and other world populations were calculated using molecular variance (AMOVA) and multidimensional scaling (MDS). Both these analyses were performed using YHRD online tools (http://www.yhrd. org) based on pairwise Rst values. A neighbor-joining phylogenetic tree was constructed for the Hazara and the reference populations based on a distance matrix of Rst using the Mega7 software [12] . Using the program Network 4.1.1.2.(http:// www.fluxus-engineering.com/sharenet.htm), median joining network was constructed from data of Hazara population for 23 Y-STRs (DYS19, DYS389II-I, DYS390, DYS391, DYS392, DYS393, DYS437, DYS438, DYS439, DYS456, DYS458, DYS635, Y_GATA_H4, DYS576, DYS570, DYS481, DYS533, DYS549, DYS643, DYS460, DYS449 and DYS388). Linear discriminant analysis (LDA) was performed on Hazara, Central Asia, and East Asia; Russian and South West Asian samples using R program [13] and correlation between STRs were calculated using XLSTAT (http:// www.xlstat.com/en/).
Y-STR haplotypes from 153 male individuals in Hazara population were developed. The data showed 25 null alleles for DYS448. One (Table 1) . Haplotype data already made accessible via YHRD under accession number YC000340. This increase in haplotype diversity was parallel to the increase in the number of unique haplotypes which ranged from 75 to 97% (Table 1 ). In this set of 153 male samples, the Goldeneye® 26Y kit generated 144 haplotypes among which 140 were unique haplotypes whereas if the PowerPlex Y23 kit loci were considered, there were 140 haplotypes with only 132 being unique. In order to study the genetic relationship of the Hazara population, the genotypes of the sample set were used to calculate the Rst values for the Hazaras (Supplementary Table S2 ). Then the multidimensional scaling (MDS) analysis was performed among the Hazara population of Pakistan and 27 other reference populations based on Rst values (Supplementary material Table S4 and Fig. 1 ). Hazara population was located closest to previously studied Hazara population (Rst − 0.004), Kohistani population (Rst − Ulaanbaatar, Mongolia, also appeared to be clustered with the Hazara population. In current study linear discrimination analysis (LDA) was performed (Fig. 2) , which showed that Hazara not even have East Asian origin, there is also influence of Central Asian populations. Figure 2a shows all individual samples plotted on the two LDA factors (F1 and F2) . The first factor (DYS635) explained the majority (46.52%) of the variation while second factor (DYS389II) explained the minority (34.79%) of variations. The markers DYS635 and DYS389II had the largest correlation coefficient (0.7064 and 0.5188) with the first and second factor, respectively (Fig. 2b) . LDA Plot showed the association of Hazara population of Pakistan with East and Central Asian populations. Evolutionary relationships between the Hazara population of Pakistan and other reference populations were inferred from the neighbor-joining tree based on the R ST values (Supplementary Fig. 1 ). The similarities between the Hazara and the Kazak population were consistent with historical records, which established that present Kazak population was an admixture of Central Asian, Mongolian, Uyghur, and other populations formed around the thirteenth century [14] . The Y haplogroups were predicted using the online Y-haplogroup predictor software (http:// www.nevgen.org/). The Hazara samples exhibited two main haplogroups M217 in 71 samples and M420 in 21 samples. The median joining network based on 23 Y-STR loci shows the extent of variation within Hazara population ( Supplementary Fig. 2 ). Null alleles usually can occur due to deletions within the target region or primer binding sites or by primer binding site mutations that destabilize hybridization of at least one of the primers flanking the target region [15] . By using GoldenEye Y26 system, null types at DYS448 were observed from 26 individuals ( Supplementary Fig. 3 ) in Hazara population of Pakistan. The phenomena of null allele were previously reported, in which other commercial kits were used.
Current population study represents the high frequencies of null allele at DYS448 when compared with previously reported population to date (Supplementary Table 5 ). One individual who have allele 20 at the DYS448 locus was selected and sequenced to serve as a reference for alignment. All samples who showed null allele at DYS448 (25 samples) also showed a specific pattern of deletion which might be specific to Hazara population of Pakistan (Supplementary Table 6 ). Frequency of null allele at DYS448 is more common in Asia more specifically in East and Central Asia when it is compared to the rest of the world. Commercial companies should give special attention while designing DYS448 primers.
In conclusion, genetic variation in Hazara population and its comparison to several relevant populations were done using various statistical tests. This showed that the Hazara population has close affinity to the Central Asian and Mongol populations. In previous study [16] , star-cluster profile was 10-16-25-10-11-13-14-12-11-11-11-12-8-10-10, for the loci DYS389I-DYS389b-DYS390-DYS391-DYS392-DYS393-DYS388-DYS425-DYS426-DYS434-DYS435-DYS436-DYS437-DYS438-DYS439. In current study, most frequent haplotype was 15-13-29-24-10-11-13-14-11-12 for loci DYS19-DYS389I-DYS389II-DYS390-DYS391- DYS392-DYS393-DYS437-DYS438-DYS439 found in 43 individuals while 14-13-29-24-8-11-13-14-11-11 found in nine individuals and 15-13-29-24-11-11-13-14-11-12 found in eight individuals. These haplotypes are most frequent haplotype in Mongols and Kazakhs. Allelic frequencies on these 10 Y-STRs are almost similar to Kazak [17] population of Kazakhstan Central Asia and somehow similar to Mongol population of Inner Mongolia. Our results contributed towards deciphering the origin of Hazara population of Pakistan and supported the view that they had Kazakh and Mongol origins. The forensic parameter calculations showed high discriminatory power with potential applications for forensic casework. We detected 25 null alleles at the locus DYS448 that equated to 16% of null alleles at this locus. This was the highest percentage of DYS448 null alleles in a population to date.
